Introduction {#s1}
============

Significant left main coronary artery disease (CAD) is present in 5-7% of patients undergoing coronary angiography \[[@R01]\]. While coronary artery bypass graft (CABG) surgery has traditionally been the treatment of choice for coronary lesions involving the left main coronary artery, there has been a recent trend regarding the feasibility of left main percutaneous catheter interventions (PCI) in selected patients \[[@R02]\]. As such there is also great interest in the development of risk stratification models to identify whether these patients will have a favorable outlook after the procedure \[[@R03]\]. The importance of risk stratification in these patients is further emphasized when considering the escalating complexity of left main CAD being treated with PCI as well as increasing age and other comorbidities of patients undergoing left main PCI, which may be associated with less favorable clinical outcomes \[[@R04]\].

The SYNTAX score was developed initially evaluating primarily the coronary anatomy to determine the risk of post-procedure adverse events as well as determination of the proper revascularization strategy \[[@R05]\]. Taking into account the absence of clinical factors in its computation, the clinical SYNTAX score (CSS) was then developed and has shown better discriminatory ability than the SYNTAX score alone \[[@R06]\].

It has long been postulated that combining the SYNTAX score with another scoring system will increase its predictive yield \[[@R07]\]. The development of the EuroSCORE, which was initially used to prognosticate post-operative cardiac patients enabled this eventually \[[@R08]\]. Eventually the global risk score (GRS) was developed \[[@R9]\]. It combined the scores of the SYNTAX and the EuroSCORE to better risk stratify patients. Compared to other stand-alone or combined risk scores, the global risk classification seems to be able to discriminate and predict outcomes in patients undergoing unprotected left main PCI and CABG \[[@R10]\]. This study aimed to determine which risk score has better discriminative ability in predicting outcomes in 1 year in patients undergoing left main PCI in our setting.

Materials and Methods {#s2}
=====================

This was a prospective cohort study of patients seen at the Philippine Heart Center who underwent left main PCI from 2014 to 2016. The study protocol was approved by our institutional ethics review board. Patients with left main disease who previously have undergone coronary artery bypass or opted for medical management after coronary angiography were excluded from the study. Eligible patients who underwent left main PCI during the study period were enrolled in the study after giving informed consent. The decision to perform PCI was made after initial consultation and discussion with a surgeon and presenting the option of revascularization to the patient. The use of adjunctive therapies, stent types and techniques was left to the discretion of the operator. All patients received second generation drug eluting stents. Patient's risk factors and clinical profiles were determined and the subjects were stratified using both the GRS and the CSS. The SYNTAX score is calculated by a computer program consisting of sequential and interactive self-guided questions \[[@R11]\]. Before undergoing PCI coronary angiograms were reviewed by three interventional cardiologists for determination of the SYNTAX score.

CSS {#s2a}
---

The SYNTAX score was combined with a simple clinical risk score incorporating age, ejection fraction, and creatinine clearance to produce the CSS. The CSS derived was then used to stratify patients into three different groups based on their scores: CSS low risk \< 30, CSS intermediate risk 30 - 59 and CSS high risk \> 60 \[[@R12]\].

GRS {#s2b}
---

The additive EuroSCORE was calculated according to the original components \[[@R13]\]. The GRS is a combination of both EuroSCORE and SYNTAX score. The EuroSCORE will stratify three groups to identify different risks (low risk: 0 - 2; intermediate risk: 3 - 5; high risk: \> 6). The SYNTAX score will stratify into three groups according to tertiles (lowest tertile: \< 22; intermediate tertile: 23 - 32; highest tertile: \> 33). The GRS system classified patients into three risk groups. The low-risk group will be composed of patients with both low/intermediate EuroSCORE and low/intermediate SYNTAX score. The intermediate-risk group was composed of patients with high EuroSCORE or high SYNTAX score. The high-risk group was composed of patients with both high EuroSCORE and high SYNTAX score \[[@R14]\].

Assessment of clinical outcomes {#s2c}
-------------------------------

The study participants were followed up after procedure and during the hospital stay, via telephone/cell phone calls, use of electronic data and outpatient follow-up. Clinical follow-up duration was up to 1 year when the scores were calculated from the date of the index procedure to the end of follow-up date if the patient was free from significant cardiovascular events or mortality; otherwise the follow-up duration was calculated from the index procedure to the date of the incidence of any major adverse cardiovascular events (MACEs). The primary endpoint was any occurrence of MACEs defined as a composite of all-cause mortality, cardiac death, non-fatal myocardial infarction (MI), coronary artery revascularization, new onset of cerebrovascular events, and target vessel revascularization. All-cause mortality includes both cardiovascular (CV) deaths and non-CV deaths.

Data analysis {#s2d}
-------------

Quantitative variables were presented as frequency and percentage, and quantitative variables were presented as mean and standard deviation (SD). Variables associated with the hazard (risk) of an event were determined using multivariable Cox proportional hazard analysis. Kaplan-Meier analysis was performed to determine the cumulative incidences of MACEs in 1 year per stratification. Differences between groups were compared using log rank test. The comparisons of discriminatory ability between GRS and the CSS in terms of predicting MACEs were performed with receiver-operator characteristics (ROC) curve analysis. A probability value of ≤ 0.05 was considered statistically significant. All statistical analyses were performed using STATA SE Version 13 (STATA Corp., TX, USA).

Results {#s3}
=======

The different baseline characteristics of the patients are listed in [Table 1](#T1){ref-type="table"}. The patients' mean age was 62 ± 12.1 years, most were male and hypertensive (72% and 85%, respectively), and 23.9% had a history of a previous acute coronary syndrome (ACS). The mean ejection fraction was 55.8 ± 10.9. The mean SYNTAX score was 21.8 ± 12.2 and the mean EuroSCORE was 2.7 ± 2.3. The rest of the angiographic characteristics are summarized in the table. Three vessel disease with left main involvement was noted in 6.5% of patients and 29% underwent complete revascularization. Procedural success was 94%.

###### Baseline Clinical, Angiographic and Procedural Characteristics

  Characteristic (n = 92)                   Total, n (%) or ± SD
  ----------------------------------------- ----------------------
  Age                                       62 ± 12.1
  Sex (male)                                67 (72)
  Hypertension                              79 (85)
  Diabetes                                  35 (38)
  Cerebrovascular disease                   7 (7.6)
  Chronic kidney disease                    5 (5.4)
  Smoking                                   43 (46)
  Dyslipidemia                              40 (43)
  Hx of previous ACS                        22 (23.9)
  Hx of previous PCI                        5 (5.4)
  Stable angina                             27 (30.3)
  Unstable angina/NSTEMI                    32 (35.9)
  STEMI                                     30 ( 33.7)
  Heart failure                             11 (11.9)
  LVEF                                      55.8 ± 10.9
  SYNTAX score                              21.8 ± 12.2
  EuroSCORE                                 2.7 ± 2.3
  Clinical SYNTAX score                     23.9 ± 18.5
  Bifurcation lesion                        39 (42)
  Ostial                                    36 (39)
  Thrombus                                  10 (10.8)
  Number of lesions                         1.9 ± 0.9
  Lesions treated                           1.4 ± 0.7
  Number of stents implanted                1.96 ± 1.2
  Mean stent length in left main            23.7 ± 8.1
  Mean stent diameter                       3.1 ± 0.7
  Left main only                            36 (39)
  Left main plus one vessel                 26 (28)
  Left main plus two vessels                24 (26)
  Three vessel with left main involvement   6 (6.5)
  Complete revascularization                27 (29)
  Procedural success                        87 (94)

The occurrence of major adverse events is summarized in [Table 2](#T2){ref-type="table"}. Ten patients died, with seven (7.6%) of them from cardiovascular causes. Five (5.5) patients had in-hospital death. Thirteen patients (13%) had MI, one patient underwent emergency CABG and four (4.3%) had target vessel revascularization. The distribution of patients based on risk stratification is tabulated in [Table 3](#T3){ref-type="table"}. On the basis of the CSS patients stratified at low, intermediate, and high risk were 72.8%, 20.6%, and 6.5%. The distribution based on the GRS was 59.7% for the low risk, 28.2% for intermediate risk, and 11.9% for high risk, respectively. With regard to the CSS, there were 10 patients each in the low risk and intermediate risk (38.4% each respectively) and six patients in the high risk group (23%) who had major adverse events. The cumulative incidences of major adverse events were 3.8%, 53.8%, and 42.3% for the GRS low, GRS mid and GRS high, respectively.

###### Major Adverse Cardiovascular Events at 1 Year (MACE)

  Event (N = 92)                             n (%)
  ------------------------------------------ ------------
  Total MACEs                                26 ( 28.2)
  All-cause mortality                        10 (10.8)
  Cardiovascular mortality                   7 (7.6)
  In-hospital death                          5 (5.56)
  MI                                         13 (13)
  Coronary artery revascularization (CABG)   1 (4.5)
  Stent thrombosis                           2 (2.1)
  Target vessel revascularization            4 (4.35)
  Stroke                                     3 (3)

###### Distribution of MACE Based on Risk Stratification

  Scoring system   With MACE, N = 26 (%)   Without MACE, N = 66 (%)   Total, N = 92
  ---------------- ----------------------- -------------------------- ---------------
  CSS low          10 (38.4)               57 (86)                    67 (72.8)
  CSS mid          10 (38.4)               9 (13.6)                   19 (20.6)
  CSS high         6 (23)                  0 (0)                      6 (6.5)
  GRS low          1 (3.85)                54 (81.8)                  55 (59.7)
  GRS mid          12 (53.8)               12 (18.1)                  26 (28.2)
  GRS high         11 (42.3)               0 (0)                      11 (11.9)

The time to event analysis for the occurrence of MACE at 1 year in patients stratified according to each risk score is shown in [Figure 1](#F1){ref-type="fig"}. Patients in the low risk CSS were shown to be 80% free from adverse events while those in the high risk tertile experienced a 50% occurrence within 8 months, beyond which only less than 25% were MACE free. Using the GRS, patients in the low-risk group had a very low likelihood of adverse events at 1 year. Patients in the intermediate risk group showed a 75% freedom from MACE within 8 months and 50% in 1 year. Patients in the high risk group of the GRS experienced a 75% likelihood of major adverse within 5 months with progressive increase in risk for 1 year. Using the log rank test, the significant differences in terms of freedom from MACEs at 1 year between each risk group were evident in both classification systems.

![Kaplan-Meier analysis showing the occurrence of MACE at 1 year in patients using the clinical SYNTAX score (left) and the global risk score (right). The occurrence of adverse events was stratified accordingly to low, intermediate and high risk group per scoring system respectively. Differences between groups were compared using log rank test. Analysis time in months.](cr-08-312-g001){#F1}

After adjustment for potential confounders, the independent predictors of major adverse events on multivariable analysis included age (P = 0.006), chronic kidney disease (P = 0.03), and a previous history of ACS (P = 0.04). Other significant variables were lower ejection fraction (P = 0.03), higher syntax score (P ≤ 0.01) and the outcome of procedural success (P = 0.03). Both the CSS (hazard ratio (HR) = 4.3, P ≤ 0.01) and the GRS (HR = 5.5, P ≤ 0.01) proved to be important predictors for the occurrence of major adverse events ([Fig. 2](#F2){ref-type="fig"}).

![Hazard ratio (HR) plot of statistically significant variables on multivariable Cox proportional analysis. LVEF: left ventricular ejection fraction; ACS: acute coronary syndrome.](cr-08-312-g002){#F2}

Both risk models showed good discriminative ability. [Figure 3](#F3){ref-type="fig"} demonstrates the discriminatory ability of the GRS and the CSS in predicting the risk of 1 year MACE. The area under the ROC curve was higher in the GRS than in the CSS (0.89 vs. 0.74, P ≤ 0.01).

![Comparison of area under the curve in predicting major adverse cardiovascular events (MACEs).](cr-08-312-g003){#F3}

Discussion {#s4}
==========

Risk stratification and the assessment of risk-benefit are two important aspects of clinical medicine \[[@R15]\], and this allows proper appraisal of the patient in both the informed consent and the therapeutic process that will be utilized. Consequently, to enable patients to make the most appropriate informed decision for them as an individual, a suitable method of quantifying risk is essential. In this regard, scoring systems are valuable tools to predict outcomes and help patients and their families to better understand the risks of the procedure to facilitate and be involved of issues relevant to therapeutic strategies.

The results of our study indicate that both the GRS and the CSS are able to provide prognostic utility in patients undergoing left main PCI. This can be expected as combining clinical data with the angiographic features of the SYNTAX score provide more information than relying on coronary anatomy alone. The global risk score, by combining the angiographic features of the SYNTAX score and the different clinical variables of the EuroSCORE, appears to provide better discriminatory and predictive ability for the occurrence of major adverse events compared to the CSS consistent with the study of Capodanno et al \[[@R16]\]. This is also emphasized in our multivariable hazards analysis as well as in our ROC analysis, where the global risk classification had a significantly higher area under the curve than that of the CSS. A possible explanation for the discrepancy in their discriminatory ability can be due to the fact that the CSS, even after accounting for the angiographic characteristics of the patient and incorporating variables of age, ejection fraction and serum creatinine, is less robust compared to the different variables incorporated in the EuroSCORE. Other variables for predictors of major adverse events in our study include the patient's age, the presence of chronic kidney disease, history of previous ACS, ejection fraction and the SYNTAX score. This is similar to the results of a registry study by Brito et al \[[@R17]\] in that most of the predictive variables in our study were based on the clinical characteristics of the patient. None of the individual angiographic and procedural characteristics (i.e. stent length, thrombus, bifurcation lesion, and ostial lesion) were statistically significant. However, all these anatomic characteristics contribute to the SYNTAX score and in turn may increase the complexity of the CAD, thus contributing to procedural success, which was also considered a significant variable in our study. Even if it was statistically significant, these findings may suggest that the effect of the SYNTAX score alone (HR = 1.1) on our outcomes may be small. A study by Migliorini et al \[[@R18]\] has also suggested that in patients with unprotected left main disease, clinical outcomes of PCI with an everolimus-eluting stent do not appear to be influenced by high anatomical complexity as defined by a SYNTAX score of at least 33. It also provides rationale that the SYNTAX score should be complementary to the patient's clinical features and presentation and should be taken into consideration as a whole in determination of prognosis \[[@R19]\].

Our study is limited by its single center observational nature and small sample size. Studies that examine long term outcomes in patients undergoing left main PCI which compare the use of these two hybrid scoring systems are lacking and thus our results provide additional knowledge regarding the potential prognostic use of these scores. Secondly, both scoring systems were designed to play a role most specially in the risk stratification of higher risk patients. Due to the low sample size, patients stratified in the high risk group may have been underrepresented. It should be noted however that all patients classified under high risk for both the CSS and the GRS experienced major adverse events and the differences in MACEs between different risk profiles reached statistical significance despite the small sample size. For future studies we recommend a larger sample size with possibly equal distribution of all the risk groups for analysis as well as longer follow-up to further validate the use of these scores to clinical practice. Additionally, intracoronary imaging techniques such as intravascular ultrasound (IVUS) were not frequently used to optimize the intervention due to socioeconomic limitations (only two patients had adjunctive IVUS) which may also impact outcomes \[[@R20]\].

The results of our study emphasize the importance of combining both clinical and angiographic characteristics to determine appropriate therapy as well as prognosis in this relatively high risk subset of patients. Both scores provide good discriminative and predictive ability for major adverse events in a real world population reflecting current practice in our setting. Risk stratification plays an important part in the decision making process as well as prognostication in patients undergoing left main PCI. It must be noted that no risk prediction model is perfect, with the different nuances involved regarding ease of use, validity and prognostic accuracy. It cannot replace operator skill and good clinical judgment \[[@R21]\]. However, we can use them in our practice as tools of best estimates of risk and as a guide, along with multidisciplinary dialogue involving the Heart Team \[[@R22]\], both to the physician and the patient.

Conclusion {#s4a}
----------

Both the CSS and the GRS are useful in risk stratification after left main PCI for the prediction of major adverse events. The GRS appears to have better discriminatory ability in predicting outcomes at 1 year compared to the CSS. These risk scores can complement our clinical judgment and decision for optimum management and prognostication.
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